Shoulder motion is dependent on a complex interplay of forces and moments around the glenohumeral joint. Balance of rotator cuff forces, in particular the subscapularis anteriorly and the infraspinatus posteriorly commonly referred to as the force couple, provides dynamic stability to the joint. Rotator cuff tears involving two tendons can disrupt the normal kinematics of the shoulder and lead to functional impairment. These tears are often chronic in nature and can be difficult to repair. Although partial repair of the rotator cuff has been employed clinically [1], there have been no in vivo studies quantitatively evaluating shoulder function after restoration of the anterior-posterior cuff forces after partial repair of a chronic, massive rotator cuff tear. Therefore, the objective of this study is to use quantitative ambulatory measures in a rat rotator cuff model to determine if repair of the posterior cuff musculature and subsequent restoration of the balance of anterior-posterior forces improves shoulder function after a chronic twotendon rotator cuff tear. We hypothesize that restoring the balance of the anterior and posterior cuff forces by repair of the infraspinatus tendon alone would be sufficient to improve shoulder function to a level similar to repairing both the supraspinatus and infraspinatus tendons.
INTRODUCTION:
Shoulder motion is dependent on a complex interplay of forces and moments around the glenohumeral joint. Balance of rotator cuff forces, in particular the subscapularis anteriorly and the infraspinatus posteriorly commonly referred to as the force couple, provides dynamic stability to the joint. Rotator cuff tears involving two tendons can disrupt the normal kinematics of the shoulder and lead to functional impairment. These tears are often chronic in nature and can be difficult to repair. Although partial repair of the rotator cuff has been employed clinically [1] , there have been no in vivo studies quantitatively evaluating shoulder function after restoration of the anterior-posterior cuff forces after partial repair of a chronic, massive rotator cuff tear. Therefore, the objective of this study is to use quantitative ambulatory measures in a rat rotator cuff model to determine if repair of the posterior cuff musculature and subsequent restoration of the balance of anterior-posterior forces improves shoulder function after a chronic twotendon rotator cuff tear. We hypothesize that restoring the balance of the anterior and posterior cuff forces by repair of the infraspinatus tendon alone would be sufficient to improve shoulder function to a level similar to repairing both the supraspinatus and infraspinatus tendons.
METHODS:
Forty-eight adult Sprague-Dawley rats (400-450 g) underwent detachment of the supraspinatus and infraspinatus tendons (IACUC approved). Four weeks after detachment, the rats were randomly assigned to three different treatment groups: no repair (n=16), infraspinatus repair alone (n=16), and two-tendon repair (n=16). Quantitative Ambulatory Assessment: Forelimb gait and ground reaction forces were quantified using an instrumented walkway as described [2] . Data was collected one day prior to detachment surgery to obtain baseline ambulatory values for the animals, then collected at day -1 (day prior to repair surgery), 3, 7, 10, 14, 21, and 28 days post-repair surgery. Ground reaction force data, including medial/lateral forces, braking forces, propulsion forces, and vertical forces were collected for each walk. Paw print analysis allowed for measurement of step width, an indication of shoulder dysfunction in the rat. At each time point, at least two walks were recorded per animal, as well as the animal's body weight. Parameters were averaged across walks on a given day for each animal and normalized to the animal's body weight for that day. Statistics: Data was compared using a one-way ANOVA followed by an LSD post-hoc test to study the effect of group at each time point.
Comparisons of interest were infraspinatus repair alone to no repair, and infraspinatus repair alone to a two-tendon repair. To correct for multiple comparisons, significance was set at p<0.025 (0.05/2).
RESULTS:
Baseline kinetic data collected the day before surgery was not significantly different between any of the groups for any parameter. Medial/lateral forces (Fig 1) were significantly different between the no repair group and the infraspinatus repair group at all time points (p<0.001). No differences were seen between the infraspinatus repair group and the two-tendon repair group at any time point except day 10. Braking forces (Fig 2) were significantly higher in the infraspinatus repair group compared to the no repair group at all time points except at day 7 (p<0.002). Braking forces in the two-tendon repair group and the infraspinatus repair group were significantly different at early time points (day 3 and 7) but not different at all time points after day 7. Propulsion forces (Fig 3) were significantly different in the infraspinatus repair group compared to the no repair group at all time points (p<0.025) No significant differences were found between the infraspinatus only repair group and the two-tendon repair group at any time point. Vertical forces (Fig 4) were not significantly different between groups at any time point, except for a small but significant difference between the two-tendon and infraspinatus repair groups at day 14.
Step width (Fig 5) in the no repair group was significantly lower at early time points and was significantly lower than the infraspinatus repair group up to day 10 (p<0.01). There was no difference between the infraspinatus repair group and two-tendon repair group at any time point. In general, the infraspinatus-only repair group was different from the no repair group, but not from the two-tendon repair group (Table 1) . Step width. Step width p<0.025 at early time points NS at all time points *NS -no significance.
DISCUSSION:
At nearly every time point post-repair surgery, the medial/lateral, braking, and propulsion forces of the infraspinatus only repair animals were significantly different than those forces of the no repair group. Furthermore, kinetics of the infraspinatus repair group mirrored that of the two-tendon repair group, with differences found at a very minimal number of time points. This pattern was also seen in step width, with the no repair group having decreased step width than the infraspinatus only and two-tendon repair groups, indicating "tripoding" and decreased shoulder function in those animals. Limitations of this study include lack of kinematic data and differences between a chronic rotator cuff model in animals compared to humans. Nonetheless, these results support our hypothesis that restoring the balance of anteriorposterior forces by repair of the infraspinatus only is sufficient to improve shoulder function to a level similar to repairing the supraspinatus and infraspinatus together. Restoring the balance of forces likely recreates a stable fulcrum for concentric rotation of the humeral head in the glenoid. Clinically, this data suggests that a partial repair of the infraspinatus only after a chronic, massive two-tendon rotator cuff tear may be sufficient to restore adequate function. 
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